Background: Pain palliation in patients with bone metastases is of great importance. The ideal treatment method has to be fast, safe, effective and tolerable for the patient.
Introduction
Painful bone metastases are a common cause of morbidity in patients with metastatic cancer, especially when combined with neural compression and pathologic fractures. Up to seventy percent of solid cancers are associated with bone metastases. Lung cancer is one of the most common solid tumors to develop metastases to bone [1] . Prognosis of patients with metastatic lung cancer to bones is short, usually less than 6 months [2] . Treatment of local disease aims to the reduction of pain and improvement of life quality thus it must be fast, safe, effective and tolerable of these patients who, in most cases, have short life expectancy. A number of treatment methods such as radiotherapy, surgery, chemotherapy, and medical therapy with analgesics and bisphosphonates are available with variable success and complications. Radio Frequency Ablation (RFA) is a relatively new method for the treatment of painful bone metastases. RFA has been employed for the treatment of hepatocellular carcinoma, liver metastases, renal and lung tumours, as well as for the treatment of osteoid osteoma, for which it has become the treatment of choice. Competing methods include chemical ablation (with ethanol or acetic acid) and thermal therapies, such as with laser, microwave, ultrasound and cryoablation [3] . The aim of this study was to demonstrate the effectiveness and safety of computed tomography guided RFA of painful bone metastases originating from NSCLC.
Materials and methods
A total of 32 patients with bone metastases from NSCLC were concluded in our study. There were 18 men and 14 women. Their ages ranged between 35 and 88 years (mean ± standard deviation: 67±10.2 years). All patients selected to undergo a radiofrequency ablation had Brief Pain Inventory (BPI) score above 4 (scale range 0-10), weren't appropriate candidates for irradiation or surgery, didn't respond or had major complications to chemotherapy and/or radiation therapy, had life expectancy greater than two months, or preferred this treatment over other alternatives. Bone metastases were diagnosed by bone scintigraphy and spiral CT. All treated lesions were osteolytic with a combination of bone destruction and a soft tissue mass. The diagnosis was confirmed with a core needle biopsy obtained at the beginning of the procedure. Tumor characteristics and topographical distribution are reported in table 1. Pain was assessed with the BPI on a numerical rating scale where 0 indicates no pain, and 10 indicates worst pain imaginable. The day before the procedure we recorded BPI score for worst pain, for average pain, for pain interference during daily life and the use of analgesics. Post-ablation assessment with BPI score and report of the use of analgesics was performed with telephone interview one, four and eight weeks after the ablation.
Before the procedure all patients were informed and written consent was obtained. Pre-procedural blood tests included measurements of hemoglobin concentration, international normalized ratio, partial thromboplastin time and platelet count. Exclusion criteria included only coagulopathy, INR >1.5 or a platelet count of less than 60,000/mm 3 . The procedure was performed under conscious sedation (administration of 3 mg of bromazepam PO and 50 mg of pethidine hydrochloric acid IM, 45 min prior to the procedure). All patients were placed in the appropriate position (prone, supine, or lateral, depending on the site of the lesion) and a scan of the desired area with a 5 mm slice thickness was performed. The imaging modality of choice for the percutaneous electrode guidance was spiral CT (Somatom Emotion Duo System, Siemens). All procedures were performed by the same interventional radiologist (LT) with a 20-year experience in CT-guided percutaneous interventions. The skin was prepared with povidone iodine (10%) solution and local anaesthesia (15 mL of 2% lidocaine hydrochloride solution) was administered. RFA was performed with a RITA Model 1500X® electrosurgical generator, 250W power, 460 kHz frequency (RITA Medical Systems, Mountain View, CA, USA) and a seven-array, 2 to 3cm multitined electrode for lesions over 3 cm, or AMICA electrosurgical generator, 200 W power, 450 kHz frequency (HS Hospital Service, Aprilia, Italy) for lesions less than 3 cm in diameter. The electrode tip was inserted to approximately 1 cm from the centre of the target [Figure1] . The electrodes were then deployed slowly, taking into account the need to ablate the lesion completely. Lesions smaller than 4 cm were treated with one placement of the ablation electrode while lesions larger than 4 cm required up to two placements. RF ablation time was 7-12 min at an energy of 90-110 W, with the target goal temperature set to 80-110 0C. Technically successful ablation is considered to be when the lesion is treated according to protocol and completely covered. After each session a CT examination was performed in order to evaluate immediate response and to exclude complications. Patients were clinically observed up to 24 hours and analgesics were administered if required. Patients were dismissed provided that no complication occurred and pain was re-evaluated with the BPI score before patient's discharge. 
Results
All patients received NSAIDs, opioids or combined medication before ablation therapy. Pain reduction one day after the procedure was reported in 30/32 patients (93,7%). One week after treatment only 3 out of 32 patients were treated with NSAIDs, or a combination of NSAID/low-dose opioids. After four and eight weeks only 1 out of 32 patients received painkillers. One patient died during the 8-week follow-up due to his primary malignancy. None patient reported pain increase. Prior to the procedure, the mean past day BPI score for worst pain was 8.4, mean pain was 7.1, and mean pain interference with daily life 7.6. After RF ablation these scores were reduced to 7, 4.3 and 6.1 one day after the session, dropped to 4.6, 3 and 3.5 after one week, to 3.2, 1.8 and 2 after four weeks and to 2.1, 1.3 and 1.5 after eight weeks respectively [ Table 2 ]. The mean past day BPI score for worst pain, for average pain and for pain interference in daily life improved in comparison to pre procedural symptoms (P < 0.001, paired t-test) resulting in life quality improvement of all patients from the first week after the procedure up to the 8-week follow-up. None major (hemorrhage, thrombosis of proximal veins) or minor (skin burns, post ablation syndrome) complication occurred all patients.
Bone metastases represent a prominent source of morbidity due to pain, dysfunction, pathologic fracture and neurovascular compromise. Nearly 80% of patients experience severe pain before a sufficient palliative treatment plan is initiated [1] . Initial therapeutic options include pain management/analgesia, chemotherapy and/or hormone therapy, radiation therapy, stereotactic body radiotherapy, bone-targeted radiopharmaceuticals, imaging guided percutaneous ablation and surgery [2] . Several factors influence the choice of treatment, including performance status, life expectancy, clinical disease status and the impact of the bone metastasis on quality of life [4] .
Medication is the first line treatment for cancer pain, NSAIDs and opioids are the most common medical therapy because they are effective for all types of cancer pain [5, 6] . Optimal pain control usually requires titration. Consultation with an anesthesia pain specialist can be considered for integration of interventional procedures.
Radiation therapy is a standard approach for symptomatic bone metastases, achieving pain reduction in 50 to 80 percent, which is complete in up to 30% of patients. Extensive, painful bone metastases may be treated with single-fraction hemi body irradiation to the upper, lower or mid-body. However, radiation therapy may also cause complications, mostly from damage of adjacent soft tissues [7, 8] .
Stereotactic Body Radiotherapy (SBRT) is an emerging tool to treat selected patients (>6 month life expectancy, limited visceral metastasis, good performance status) with small volume vertebral involvement and may be particularly helpful for patients who require re-irradiation. SBRT is not suitable for patients with a limited life expectancy, extensive metastatic disease, or symptomatic spinal cord compression due to bone metastasis [9] .
Chemotherapy, targeted therapies, and hormone therapy are systemic methods of metastatic cells treatment with low sensitivity, not well tolerated and associated with many complications [5] . Radiopharmaceutical agents vary with regard to the analgesic efficacy, duration of pain palliation, ability to repeat treatments, toxicity and expense [6] . Newer biological or molecularly targeted agents have fewer side effects and may be more tolerable. However, like chemotherapy, they are not associated with immediate pain relief.
Surgical management of bone metastases is typically reserved for lesions with a completed or impending pathologic fracture [10] . In a systematic review of 45 studies addressing the role of surgical management of bone metastases involving the humerus, femur, and pelvis/acetabulum (47% of cases with a pathologic fracture), surgery was associated with significant pain relief in 91 to 93% of cases, and function was maintained or improved in 89 to 94% [11] . The rates of perioperative complications and mortality were 17 and 4%, respectively.
Local ablation is an important therapeutic option for patients who have persistent or recurrent pain attributed to one or a few skeletal sites with small volume disease after palliative RT and who are not candidates for surgery or re irradiation with stereotactic techniques. Radiofrequency ablation, cryoablation, and Focused Ultrasound (FUS) are all effective ablative treatments for palliation of symptomatic skeletal metastases. The choice of ablation technique should take into account availability, patient preference and local expertise. Prospective, single-arm multicenter trials have shown RFA and cryoablation to be safe and highly effective for treatment of symptomatic skeletal metastases [12] [13] [14] [15] [16] . A large randomized, controlled, multicenter phase III trial has shown Focused Ultrasound (FUS) to be effective in the treatment of painful bone metastases [17] , confirming results of earlier retrospective reports [18] . Small case series also support benefit from other percutaneous methods of image-guided ablation, including microwave ablation, laser ablation, and irreversible electroporation to treat skeletal metastases, although the data are more limited [19] [20] [21] [22] [23] [24] [25] [26] . These studies demonstrate that multiple ablation therapies are effective at palliation of pain due to metastatic skeletal disease. Another center retrospectively reviewed their experience with cryoablation to treat limited metastases from Non-Small Cell Lung Carcinoma (NSCLC) [27, 28] . Among 24 bone and non-visceral soft tissue metastases from NSCLC, local control was achieved in 87 percent.
Each treatment modality has its advantages and disadvantages, and the choice of ablation technology typically depends on several factors, including interventional rradiologist preference and local expertise [23] . In our study the modality of choice was RFA due to availability, cost and expertise. In 93.7% of our patients, we observed a considerable immediate reduction of pain, reduction of the use of analgesic medication and improvement of life quality as measured by the BPI score. The clinical result was excellent with total necrosis of the lesion, decrease of the BPI score immediately after the ablation until the 8-week follow-up. The follow-up period for this study was eight weeks; a period sufficient to demonstrate that ablation provides effective palliation. The results of this study are in agreement with previous studies by Callstrom et al. [15] and Thanos et al. [29] revealing better results regarding the immediate pain relief. Pain relief mechanism with RFA is managed with transmission inhibition by destroying sensory nerve fibres in the periosteum and bone cortex; reduction of lesion volume with decreased stimulation of sensory nerve fibres; destruction of tumour cells that are producing nerve-stimulating cytokines and inhibition of osteoclast activity [7] . Thus low conductivity of radiofrequency ablation inside the bone is not a limiting factor. Although a few patients reported mild discomfort during the ablation, none of the sessions was forced to stop due to patient distress.
Complications from ablation of skeletal metastases include injury to structures during applicator placement. Trials of RFA and cryoablation have reported serious complication rates of 0 to 10% (mostly pain, neurologic compromise, and pathologic fractures) [12] [13] [14] 29] . None possible complication, including infection haemorrhage, neurological complications, skin burns, or post-ablation syndrome (low-grade fever ≤37.8 myalgias, and malaise) for up to one week after the ablation was reported in our patient group. This appears to be a fairly well-tolerated procedure and the combination of conscious sedation and local anaesthesia is adequate for its needs. As referred to the literature when thermal ablation is applied to vertebral metastasis, the treatment
